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(57) Abstract 

A process for rendering 
films, fibn composites, and 
articles made therefrom 
less resistant to passage of 
water vapor by passing a 
filled precursor fibn or film 
composite through the nip of 
interdigitating grooved rollers. 
The films or fibn composites 
are generally formed using a 
precursor film of a film fonning 
polyolefin or polyolefin 
blend, with a relatively high 
filler loading and optionally 
an elastomer. A process is 
disclosed for making diapers or 
other disposable items where 
a relatively high water vapor 
is coupled widi a. resistance 
to liquid strikethrough. In one 
embodiment of the invention, 
the interdigitating grooved 
rollers are maintained in a 
lemperamre range of from 
about 91 *F to about 159 *F. 
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PROCESS FOR ADJUSTING VVVTR AND 
OTHER PROPERTIES OF A POLYOLEFIN FILM 



5 RELATED APPLICATIONS 

This application is a continuation-in-part application of co-pending U.S. 
Application No. 08/690,136 filed July 31, 1996. This application claims the 
benefit of U.S. Provisional Application Nos. 60/104,452 and 60/104,455 filed 
October 16, 1998 and US. Provisional Application Nos. 60/104,948 and 
10 60/104,985 filed October 20, 1998. 

TECHNICAL FIELD 

This invention relates generally a process of adjusting the water vapor 
transmission/porosity of films and film composites, while maintaining general 

15 resistance to liquid transmission (strikethrough). More specifically this invention 
is directed towards a process for producing films, film composites, and articles 
made therefrom, that are made permeable to water vapor, by passing them through 
interdigitating grooved rollers. Also, more specifically this invention is directed 
toward filled polypropylene films having excellent Water Vapor Transmission 

20 Rates (WVTR), high tear strength, high dart impact strength, and a soft feel, 

BACKGROUND OF THE INVENTION 

Polyolefin films which are rendered more permeable to water vapor using 
filler loading and orientation are known. 

25 Such films or film composites are said to be more breathable, that is to 

have improved, increased permeability to water vapors, while maintaining a 
resistance to liquid strikethrough (defined herein). Uses.of such films -or film . 
composites include on a diaper the permeability of which may permit the passage 
of moisture vapor and air, while substantially preventing the passage of liquid. 

30 The advantages of such a film used in a diaper are that after the wearer voids, the 
liquid is generally retained, while much of the liquid vapor can escape decreasing 
the "wet feeling", and lowering the possibility of uncomfortable diaper rash. 
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Interdigitaiing grooved rollers have been used to orient either certain films 
or exclusively nonwoven laminates. Use of such rollers to orient (i.e., stretch) a 
film or nonwoven substrate is typically refenred to as a ring-rolling process. To 
increase the water vapor transmission rate ("WVTR") of a film stretched by a . 
5 ring-rolling process, it has been customary to increase either the filler loading in 
the formulation or the depth of engagement of the interdigitating grooves. 
However, both of these processing options have technical limitations on their 
ability to increase the WVTR of a film. Also, each option can potentially have 
negati ve effects on the physical properties of the stretched film, if a specific film's 

10 tolerance for filler loading and/or groove engagement depth is exceeded. 

Accordingly, there is a need for alternative means for increasing the WVTR, 
without negatively effecting a film's physical properties. 

Also, it is desired for many applications of breathable films, such as 
disposable diapers, adult incontinent products, and feminine hygiene devices, to 

15 produce a film appearance that can provide the manufacturer and consumers of 
such products visual evidence of those products made of breathable films versus 
those made from non-breathable films. 

U.S. Patent No. 4,472,328, assigned to Mitsubishi Chemical Industries, 
Ltd., suggests a breathable polyolefm film prepared from a polyolefin/filler 

20. composition having from 20 percent to 80 percent by weight of a filler such as a 
surface treated calcium carbonate. A liquid or waxy hydrocarbon polymer 
elastomer such as a hydroxyl-terminated liquid polybutadiene was purported to 
produce a precursor film that could be mono-axially or biaxially stretched to make 
a film breathable. The breathable film described by Mitsubishi is also described 

25 in Great Britain Patent No.2, 1 1 5,702, assigned to Kao Corporation. The Kao 
patent fijrther describes a disposable diaper prepared with a breathable film as 
disclosed by the Mitsubishi patent. The breathable film is used as a backing for 
the diaper to contain liquid. 

U,S Patent No. 4,350,655 by W. H. Hoge, assigned to Biax Fiber Film, 

30 describes a porous polyolefin synthetic paper film containing at least 50 percent 
by weight of a coated inorganic filler. The film composition was comprised of 
from 50 to 70 weight percent of an inorganic filler material coated with a silicon 
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or titanium fatty acid ester. To produce such a film product, Hoge teaches to cool 
the disclosed film substrate down into a temperature range of 10°C to 70^C (i.e., 
50°F to 1 58°F, respectively) prior to stretching the film. Hoge refers to such a 
process as a "cold stretching'' the film. Hoge also indicates that such cold 

5 stretching helps develop the desired void volume and surface ruptures per unit 
area so that weight percent resin content of the final product ranges from 0.18 to 
about 0.32 g/cm"'. Moreover, the precursor film is formed without the addition of 
an elastomer and contains an inorganic filler surface coated with either a Si or Ti 
fatty acid ester. Some of the resulting films were stated to be boA vapor and 

10 liquid penmeabie, however, at least one film (Example 3) was stated to be 
permeable to air. 

US 4,777,073 (Sheth) suggests a breathable film produced by stretching of 
a precursor film prepared from a.polyolefin/filler composition. Sheth suggests 
that the permeability and strength, especially tear strength are improved by melt 
15 embossing the precursor film with a patterned melt embossing roller and 

stretching the film to impart a pattern of different film thickness having greater 
permeability within the areas of reduced thickness compared to the areas of 
greater thickness. 

Most of these techniques require that a film or film composite be rendered 
20 breathable, regardless of the technique but generally through tentering (for 

transverse direction or TD orientation, and differential speeds of two rollers fdr 
machine direction or MD orientation), in a separate operation, prior to final 
construction of the end-use article, for instance the diaper, leading to expensive 
double processing or more expensive transport of the film rendered less dense by 
25 the tentering operation. 

Among the most serious limitations, is the extreme difficulty in producing 
a cost effective lamination between polypropylene nonwoven materials and 
polyethylene breathable films. Traditional glue, hotmelt, or meltblpwn adhesive 

techniques can be used, but require the additional cost and process complexity of 
30 the gluing system and the adhesive. The preferred method of heat lamination was 
generally not reliable because the difference in melting points of the 
polypropylene nonwoven (-16^0) and the polyethylene film (-125^C). To 
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achieve an adequate lamination bond strength between the two materials, pin 
holes or damage to the breathable film at the film/nonwoven bond site resulted. . 

Previous polypropylene breathable films/while having lamination 
advantages oyer polyethylene films, have been deficient in a number of other 
5 performance categories. Film oriented by traditional Machine Direction 

Orientation, Transverse Direction Orientation, or Biaxial Orientation (all known 
in the art) have had very low tear and iraipact strength. 

For those product applications which do not laminate the breathable film 
directly to a nonwoven, or which by nature of the product, a hot melt type 

10 adhesive gluing system is desirable (such as a breathable film diaper backsheet), 
polypropylene breathable film will be more resistant to glue bum through of the 
film. Thus, the use of a polypropylene breathable film helps to achieve product 
integrity. Also, the use of higher temperature glues, as well as a lower quantity of 
glue is required for adequate product bond strength. 

15 Accordingly, there is need for an improved ring-rolling process and/or 

polymer film composition that can increase the WVTR of a film, without 
significantly diminishing the film's physical properties. There is also a 
commercial need for a polypropylene microporous breathable film with high tear 
and impact strengths well as a soft feel. Also, there is need for films produced by 

20 such an improved process to be readily distinguishable as breathable films. 

SUMMARY OF THE imTNTION 

According to one aspect of the present invention, there is provided a process 
for producing a film having a WVTR greater than 200 g/m^/day at 38°C and 90% 

25 relative humidity comprising a polyolefin and a filler, said process comprising: a) 
extruding a precursor film from said polyolefin blend comprising said first and 
said second polymer compositions and said filler, said filler concentration being in 
a range of from about 1 6.5 to about 71.5 wt.%; and b) passing said precursor film 
between at least one pair of interdigitating grooved rollers, said rollers being 

30 maintained in a temperature range from about 91 **F to about 1 59*'F, so that said 
film is heated to produce said film having a WVTR greater than 200 g/m^/day at 
38 •'C and 90% relative humidity. 
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According to another aspect of the present invention, there is provided a 
process for producing a film having a WVTR of at least 200 g/mVday at 38°C arid 
90% relative humidity comprising a polyolefin blend, said polyolefin blend 
having ai least a first and a second polymer composition, and a filler, said process 

5 comprising: a) extruding a precursor film from said polyolefin blend comprising 
said first and said second polymer compositions and said filler, said filler 
concentration being in a range of from about 1 6.5 to about 71,5 wt.%, wherein, i) 
said first polymer composition is a polypropylene and ii) said second polymer 
composition is selected from the group consisting of elastomers, plastomers, 

10 styrenic block copolymers, ethyleiie-maleic anhydride copolymers, ethylene ethyl 
acetate, and combinations thereof; and b) passing said precursor film between at 
least one pair of interdigitating grooved rollers so that said film has at least: i) a 
WVTR in a range of fi-om about 200 g/m^/day to about 10,000 g/mVday at 38°C 
and 90% relative humidity, ii) a dart drop impact in a range of from about 100 

15 grams to about 300 grams, and iii) an elongation selected from the group 

consisting of machine direction, transverse direction and combinations thereof in a 
range of from about 1 50% to about 550%, 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The foregoing aspects, features and advantages of the present invention 

will become clearer and more fully understood when the following detailed, 
description, and appended claims are read in conjunction with the accompanying 
drawings, in which is a schematic drawing of an embodiment of our invention for 
imparting breathability to a film or film composite: 
25 Figure 1 is a schematic view of a process for converting a precursor film 

(and optionally other layers) into a film with greater WVTR; 

Figure 2 illustrates a cross-sectional view of the interdigitating grooved 
rollers of Figure 1 , taken along the lines 2-2; 

Figure 3 illustrates an enlarged view of area 3 from Figure 2 showing 
30 several interdigitating teeth from the grooved rollers; and 

Figure 4 shows how a film is stretched with interdigitating rollers. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

We have discovered that certain polyolefin films and film composites can 
be processed to have greater water vapor transmission rates, relatively low liquid 
strikethrough, while maintiaining film integrity, by using certain film forming 
5 . fomiulatiohs and techniques and passing the film, the film composite and/or the 
.finished fabricated disposable article, through a nip of at least one pair of 
interdigitating grooved rollers. 

We have discovered that applying heat to interdigitating grooved rollers 
results in a substantial improvement in orientation effectiveness (WVTR 

10 increases), and imparts a 3 dimensionality to the film which differentiates it from 
V other breathable film. In addition a new control is provided for the adjustment of 
film breathability, i.e. rather than require a fonmulation change, or adjustment to 
the depth of activation, to control WVTR levels, roller temperature merely needs 
to be adjusted. As can be seen from the following examples, with all other factors 

15 constant, an increase in interdigitating roll temperature from 70*^? to MOT, 
increases WVTR from 1900 g/mVday to 4100 g/mVday. 

We have also discovered that producing a precursor film from a 
polypropylene and filler (preferably calcium carbonate) blend, then incrementally 
orienting the film with interdigitating grooved rollers in the machine direction, or 
. 20 the transverse direction, or both, will yield a reasonably soft film (to the touch) 
with good impact and tear strength. It was further discovered that by adding a 
minority amount of low density polyethylene, extrusion processability was greatly 
improved. It was further discovered that the addition of a minority amount of an 
elastomer or plastomer improved impact and tear strength further, and contributed 

25 ' to an even softer film ^Teel". Impact strength is approximately double that of 
previously available polypropylene breathable films stretched by conventional 
techniques, other.than interdigitating grooved rollers. MD tear strength is more 
than triple that of Machine Direction Oriented and Biaxial Oriented polypropylene 
breathable films. TD tear strength is greater than triple that of Transverse 

30 Direction Oriented and Biaxial Oriented polypropylene breathable films. Because 
stretching such film blends by interdigitating grooved rollers was expected to 
produce film with substantially similar physical properties as films with stretched 
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with conventional stretching techniques, such dramatic improvements in physical 
properties proved most surprising. 

In certain embodiments of the invention, a polyplefin film or film 
composite comprises at least one layer of a disposable article and is rendered 

5 breathable by passing the film, film composite or fabricated article through 

interdigitating grooved rollers. The film, film composite or fabricated article will 
have either a single layer or multilayer construction and the polyolefin/filler 
combination can be co-extruded, laminated or blended with other polymers. or 
polymer based fabricated articles. 

10 In an embodiment of the invention, a film ("precursor film") is made, 

utilizing a polyolefin or a polyolefin blend with a relatively higher filler loading, 
generally including embossing a pattern thereupon, such that its subsequent 
manipulation, either by itself, in a film composite or as a part of a disposable 
article, will render the film breathable (hereinafter defined as water vapor 

15 permeable, within certain limits of WVTR, while maintaining a certain level of 
liquid impermeability) while maintaining a minimum level of physical properties, 
elongation/tensile strength being of most importance. The manipulation of the 
film, film composite, and/or fabricated disposable article includes passing all or 
parts of the film, film composite, and/or fabricated disposable article through a 

20 grooved roller and/or interdigitating grooved rollers, at a rate sufficient to develop 
a minimum level of breathability to the film or film portion of the article, at a 
commercial and economical rate. 

The tear strength, elasticity, and softness of a film prepared from the 
polyolefin/filler composition may be improved by addition of small amounts of an 

25 olefinic elastomer. 

The WVTR desired is above 100 g/m^/day @ 38°C, 90% RH (Relative 
Humidity), preferably above 200 g/mVday, and can be easily greater than 1000 
g/m^/day. 

30 Introduction 

This invention concerns all polyolefin/filler based breathable films that 
have high WVTR, the ability to be drawn down to low basis weights, and methods 
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for making same. Particularly useful in these films and methods are impact 
copolymer polypropylene. The process is also effective for all polyolefin 
materials. The term impact copolymer herein refers to a homopolynier matrix 
having a small amount of an ethylene/propylene copolymer dispersed throughout. 
5 This invention further includes certain polyolefms, their conversion into 

fabricated articles such as films, articles made from such films, and applications in 
which such articles having high WVTR combined with good physical properties 
are desirable. The resulting films, and film composites, (including co^extruded 
and laminated films) have combinations of properties rendering them superior and 

10 unique to films or film composites previously available. The films disclosed 
herein are particularly well suited for use in producing certain classes of high 
WVTR films, consumer and industrial articles using the films in combination with 
for instance, polymeric woven or non-woven materials. Such consumer articles 
include, but are not limited to diapers, adult incontinence devices, feminine 

15 hygiene articles, medical and surgical gowns, medical drapes, industrial apparel, 
building products such as "house-wrap", roofing components, and the like made 
using one or more of the films disclosed herein. Additionally the films of the 
present invention may also be used in metallized films with a high WVTR, 
according to the disclosure of U.S. Patent No, 5,055,338, fully incorporated herein 

20 for purposes of U.S. patent practice. 

High WVTR films, high WVTR film composites, and disposable articles 
made therefrom of our invention, are produced from a precursor film that is 
prepared from a polymer composition that comprises at least one polyolefin 
component, at least one filler component, and optionally an elastomeric . 

25 component. The polyolefin component may be any polyolefin which is suitablie 
for film formation such as homo- or co-polymer polypropylene, homo- or co- 
polymer polyethylenes or blends thereof A preferred polyolefin is a copolymer 
of propylene and low density polyethylene, particulariy preferred is linear low 
density polyethylene. The linear low density polyethylene may be a polymer 

30 made from either traditional Ziegler-Natta or metallocene catalysts, or 
combinations thereof. 
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In an embodiment of the invention, the films, film composites, and articles 
made therefrom based on polyolefin filler combinations, when passed through a 
nip of interdigitating grooved rollers (hereinafter used interchangeably with "ring- 
rolling") would surprisingly and unexpectedly have improved water vapor 

5 transmission rates while maintaining resistance to liquid permeability;. and 

retaining film integrity. Following is a detailed description of certain preferred 
films, film composites, and/or fabricated disposable articles made therefrom, 
within the scope of the present invention. Also disclosed are preferred methods of 
producing these films, film composites, and fabricated disposable articles made 

10 therefrom as well as preferred applications thereof. Those skilled in the art will 
appreciate that numerous modifications to these preferred embodiments can be 
made without departing from the scope of the invention. For example: though the 
properties of certain films, film composites, and fabricated articles such as diapers 
are exemplified, especially after ring-rolling, the films and composites will have 

15 numerous other uses. To the extent our description is specific, it is solely for the 
purpose of illustrating preferred embodiments of our invention and should not be 
taken as limiting the present invention to these specific embodiments. 

It will be appreciated by those of ordinary skill in the art that the films and 
film corhposites of certain embodiments of the present invention, can be combined 

20 with other polymers or polymer based fabricated articles such as films, fibers, 
fabrics (including non-woven fabrics) and the like, depending on the intended 
function of the resulting film, film composite or fabricated article. 

As an example of such combinations, by extrusion coating, co-extrusion 
coating, or by co-extrusion or laminating of the film with other polymer films, e.g. 

25 polyolefin, other properties may be achieved. For instance, after ring-rolling an 
entire film cross-section, certain (machine direction) sections could be extrusion 
coated to eliminate breathability in those selected portions so coated. 'Also 
contemplated are varying combinations of the precursor film, or the film after 
ring-rolling, with other films, or non-woven fabrics, generally made from one or 

30 more polyolefins. Such combinations, while including the precursor or the post 
ring-rolled film, can include several combinations, such as non-woven/film, 
film/non-woven, film/non-woven/film, film/film, and the like. 
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Other methods of improving WVTR of a film or article fabricated . from the 
film, may be used in addition to use of the filled polyolefin and process of passing 
the filled polyolefin film through the nip of interdigitating grooved rollers 
described herein/without departing from the intended scope of the invention. For 
5 example, including microporous voids through pin-point punctures (also known as 
"apertured film") to improve the WVTR, in addition to ring-rolling is not excluded 
by the present invention. Also, it is well known that manipulation of a film by 
changing quench conditions during melt processing, and/or by irradiating the film 
will have an effect on WVTR and/or physical properties. Such mechanical or 
10 other treatment or manipulation is not excluded by this invention. 

Films or film composites employing the polyolefin/filler blends of certain 
embodiments of the present invention can be oriented, annealed, or cross linked ] 
" ' . Additionally, polyolefin/filler combinations of the present invention can be made 
into film by processes including blown or cast film manufacturing techniques. 
15 . The blend components can function to modify barrier, opacity, sealing, cost, or 
other functions that will be known to those of ordinary skill in the art. 

The films or composite structures are often used in infant diapers, toddler 
training pants, adult incontinence devices, medical drapes arid apparel, such as 
surgical gowns, feminine hygiene articles, and the like. Use of the term "film 
20 composites" may include one or more film and/or non-woven layers bonded 
mechanically, thermally, or adhesively to the film. Such non-woven materials 
include spun-bond, meltblown, and combinations thereof 

Such non-woven materials are most often made from polyolefins, such as 
homopolymer polyethylene, copolymer polyethylene (including one or more of a- 
25 olefins of 4-10 carbon atoms, vinyl acetate, ethylenically unsaturated acrylic acid 
esters, acrylic acid, methacr>xlic acid, ioriomers, polypropylene homopolymers, 
polypropylene copolymers including one or more of ethylene and a-olefins of 4- 
1 0 carbon atoms, homopolymer and copolymer polypropylene). 
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Components of A Prccurisor Film 
Film Forming Polyolefin 

Most film forming polyolefins and combinations of film forming 
5 polyolefins may be used in embodiments of our invention. 

Polyolefin Component 

The polyolefin component can be any film forming polyolefin. including 
polyethylene and polypropylene and others, or polyolefin blend. Examples of 
10 . suitable materials are listed in Table 1 below. 

TABLE! 



Suitable Polymers & Relative Benefits 



Polymer 


Impact 


Tear 


Softness 


Drawdown 


Metallocene Homopolymers and 
Copolymers 

(e.g. Exxon Achieve™PD3854) 


Preferred 


Preferred 


Preferred 


Most 
Preferred 


Random Copolymer PP 
(e.g. Exxon PP 9263) 


More 
Preferred 


More 
Preferred 


More 
Preferred 


More 
Preferred 


Impact Copolymer polypropylene 
(e.g. Exxon PP 7623) 


Most 
Preferred 


Most 
Preferred 


Most 
Preferred 


Preferred 


Homopolymer PP 
(e.g. Exxon PP 1016) 


Preferred 


Preferred 


Preferred 


Preferred 


Exxon LD 3003 


Preferred 


Preferred 


Preferred 


Preferred 


Elastomer 


Preferred 


Preferred 


Preferred 


Preferred 


Plastomer 


Most 
Preferred 


Most 
Preferred 


Most 
Preferred 


Most 
Preferred 



15 Polyethylene 

Linear low density polyethylenes are among the materials favored in 

embodiments of the invention. Linear low density polyethylene (LLDIfE), 

generally that having density from 0.910 to 0.935 g/cm^^ and a nielt index from . 

0.01 to 10 dg/min. Another polyolefin that may be considered in such composites 
20 is very low density polyethylene (VLDPE, also plastomer) which will have 

densities in the range of from about 0.860 to about 0.910.g/cm^. 
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Conventional high pressure low density polyethylene (LDPE) is another 
example of a suitable polyethylene which has a density of from 0.910 to 0.925 
g/cm^ 

High density polyethylene (HDPE) having densities in the range of from 
5 about 0,935 to about 0.970 g/cm^ may also be considered. Such poly ethylenes 

may be produced by c6polymerizing ethylene with one or more C4 to C20 a-olefin. 
Generally the preferred a-olefins include those selected from the group consisting 
of butene-1, pentene-1, 4-methyl-l-pentene, hexene-1, octerie^l, decene-1 and 
combinations thereof. Most preferred are.ethylene copolymers of butene-1, 

10 hexene-1, octene-1 and conibinations thereof. The comonomers may be present in 
amounts up to 20 mole percent. The amount of comonomer or comonomers will 
generally determine density, for instance HDPE will have from 0 to 1 mole 
percent comonomer, while plastomers with densities lower than 0.900 g/cm^ will 
have up to 1 5 or even 20 mole percent comonomer(s): Such polyethylenes may 

15 be made utilizing traditional Ziegler-Natta, chromium based, and metallocene 
catalysts which may be used with alumoxane and/or ionic activators. Processes 
useful for preparing such polyethylenes include gas phase, slurry, solution and the 
like. The density of polyethylenes such as these, in preferred embodiments, will 
. generally be in the range of from about 0.900 and 0.935 g/cm^, preferably in the 

20 range of from about 0.910 to 0.925 g/cm\ most preferably from about 0.91 5 to 
0 920 g/cm^ The polyethylenes will have a melt index in the range of from about 
0. 1 to about 1 0 g/1 0 min, preferably 0. 5 to 5 g/1 0 min, generally consistent with 
film forming conditions! 

25 Polypropylene 

Polypropylene may be used in conjunction with one or more . 
polyethylenes, or by^itself as the polyolefin component of the precursor film. 
Polypropylene may be made from many of the catalysts and processes discussed 
supra, including optional inclusion of one or more a-olefms. As indicated in 
30 Table 1, one of the preferred polymers is a random copolymer'having low levels, 
. for example up to about 8 wt.%, of ethylene randomly included in a 
predominantly polypropylene chain. 
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Elastomer 

One or more elastomers may be included in the polyolefm component. 

Such elastomers include, but are not limited to vulcanized natural rubber, ethylene 
.5 alpha olefin rubber (EPM), ethylene alpha olefin diene monomer rubber (EPDM), 

styrene-isoprene-styrene (SIS), styrene-butadiene-styrene (SBS), styrene- 

ethylene-butylene-styrene (SEES), ethylene-propylene (EP), ethylene-vinyl 

acetate copolymer (EVA), ethylene-maleic anyhydride (EMA), ethyiene-acrylic 

acid (EEA), butyl rubber and the like. Of these SIS and SBS are prefenred, with 
10 SBS more particularly preferred. The range of elastomer inclusion are generally 

from about 1 .4 to about 25 wt.%, preferably from about 1 .4 to about 20 wt.%, and 

more preferably from about 1.4 to 17.2 wt.%. 

Amounts of each component can vary with the desired properties for the 

precursor film or film composite. For instance, a nominal 0.917 g/cm^ density 
15 LLDPE may be combined with 4 wt.^© of an elastomer. Such a combination might 

provide improved elastic behavior. 

Other components in a film forming polyolefin are not excluded. Such 

components may include additives such as anti-oxidants, anti-static agents, colors . 

and the like, well known to those of ordinary skill. Further, blending of 
20 polyolefins with polymers is also contemplated. For example, blending of 

traditional Ziegler Natta catalyzed (ZN). chromium catalyzed (CR), metallocene 

catalyzed (MCN) and free radical initiated (FR) polyolefins using one or all in a 

blend as the film fonning component is contemplated. For instance including, but 
. not limited to MCN/ZN, MCN/CR, MCN/FR, MCN/ZN/FR, combinations and . 
25 the like are contemplated. Other free radical initiated polyethylenes, high pressure 

polyethylene, ethylene homopolymers as well as ethylene copolymers may be 

included. 

Both in the case of other polyolefins and the elastomeric polymers, the 
combinations should be generally formable into a film. 
30 As used in this application, the term "polyolefin" will mean the. polyolefin, 

any combination of polyolefins, including plastomers, elastomers, additives, and 
the like. 
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Film Physical Property Modification 

It was found that the addition of small amounts of low density 
polyethylene, the polyolefin/filler blend allowed film extrusion at higher 
throughput levels with some majority polymers but with little to no reduction in 
film breathability. Low density polyethylene with a Melt Index of 0.9 to 25 (12 
MI being preferred), and a density of 0.900 g/cm^ to 0.930 g/cm^ may be used. 

Further improvements in film impact and tear strength are possible by the 
addition of plastomers, elastomers, styrenic block co-polymers (SIS, SBS, SEBS), 
EVA, EMA, EEA, or rubbers. Material grades included are listed in Table 2 
below. 



TABLE 2 



Property Improvement Materials 


Supplier 


Grade 


Comment 1 


Comment 2 


Exxon Chemical 


Exact'^-'^3139 


7.5 MI 


Den$ity=0.900 g/cm'' 


Exxon Chemical 


Exact^**^ 4044 


16.5 MI 


Density=0.895 g/cm'' 


Exxon Chemical 


Exact"^^ 9095 


2.2 MI 


Density=0.893 g/cm^ 


Exxon Chemical 


Exact™ 3131 


. 3.5 Ml 


Density=0.900 g/cm"* 


Exxon Chemical 


Paxon™SLX9106 


2.0 MI 


Density=0.900 g/cm^ 


Exxon Chemical 


Paxon'^SLX9101 


3.5 MI • 


Density=0.900 g/cm;' 


Dexco 


Vector'^M 4211 


13 MI 




Dexco 


Vector™ 4411 


40 MI 




Exxon 


Vistalon™ 3708 


EPDM 




Exxon 


Vistaion™ 3030 


EPDM . 




Shell 


Kraton™G1657 


8 Ml. 


SEBS • 


Union Carbide 


UC9042 


5.1. MI 


Density=0.900 g/cm'' 


Union Carbide 


UC 1085 


Q.8M1 


Density=0.884.g/cm'* 



15 
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Filler Materials 

To impart breathability to polyolefin films, addition of fillers and 
subsequent straining is known. 

To form the precursor film, fillers may be incorporated at relatively high 

5 levels, limited only by the ability of the combination (polyolefin/filler) to be 

formed into a film. The amount of filler added to the polyethylene depends on the 
desired properties of the film including tear strength, WVTR, and stretchability. 
However, it is believed that a film with good WVTR generally cannot be 
produced as is taught herein with an amount of filler less than about 16.5 wt.% of 

10 the polyplefin/filler composition. Further, it is believed that useful films may not 
be made with an amount of the filler in excess of about 71.5 wt.%. While at lower 
than about 1 6.5 wt.% of filler, the polyolefin/filler composition may not have 
sufficient breathability. Higher amounts of filler may cause difficulty in 
compounding and losses in strength of the final breathable film. Generally, the 

15 range of filler may be in the range of from about 26 to about 67 wt.%, preferably 
in the range of from about 33 to about 60 wt.%. The minimum amount of filler is 
needed to insure the interconnection within the film of voids created at the situs of 
the filler, particularly by the stretching operatiori to be subsequently performed. 
The preferred filler range is from about 30 to about 70 wt.%, based on the total 

20 weight of the film. More preferred filler loading is from about 40 to about 60 
wt.%. 

Fillers useful in certain embodiments of the invention may be any 
inorganic or organic material or combinations thereof having a low affinity for 
and a significantly lower elasticity than the polyolefin component or the optional 

25 elastomeric component. Preferably, the filler should be a rigid material having a 
non-smooth surface, or a material which is treated to render its surface . 
hydrophobic. The mean average particle size of the filler is from about 0.5 to 
about 7 microns, preferably from about 1 to about 5, more preferably from about 2 
to about 3.5 microns. It should be understood that smaller particle sizes, such as 

30 from about 0.75 to 2, will provide the best balance of compoundability and 

eventual breathability, but there relative economics makes them generally less 
useful than particle sizes of 3 microns and above. Such particle sizes are preferred 
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for films having a thickness of from about 0.5-6 mils. Examples of the inorganic 
fillers include calcium carbonate, talc, clay, kaolin, silica diatomaceous earth, 
magnesium carbonate, barium carbonate,. magnesium sulfate, barium sulfate, 
calcium sulfate, aluminum hydroxide, zinc oxide, magnesium oxide, calcium 
5; oxide, magnesium oxide, titanium oxide, alumina, mica, glass powder, zeolite, 
silica clay, and combinations thereof, and the like. Calcium carbonate is 
particularly preferred. The inorganic fillers such as calcium carbonate are 
preferably surface treated to be hydrophobic so that the filler can repel water to 
reduce agglomeration of the filler. Also, the surface coating should improve 

10 binding of the filler to the polymer while allowing the filler to be pulled away 

from the polyolefin when the film formed from the polyolefin/filler combination 
is stretched or oriented.. Preferred coatings are stearates, such as calcium stearate, 
which are generally compliant with FDA regulations. Organic fillers such as 
wood powder, pulp powder, and other cellulose type powders may be used. 

15 . Polymer powders such as Teflon® powder and Kevlar* powder may also be 
included. Combinations of these fillers are also contemplated. 

While a broad range of fillers has been described at a broad range of 
inclusion parameters based on weight percentages, other embodiments are 
contemplated. For instance, fillers with much higher or much lower specific 

20 gravity may be included in the polyolefin at amounts outside the weight ranges 
disclosed, they will be understood to be contemplated as embodiments of the 
invention as long as the final film, after orientation has WVTR or drawn down 
similar to that described herein. For example, while a preferred filler such as 
calcium carbonate has a density of 2.7 g/cm^, other examples of suitable fillers 

25 include, without limitation, hollow glass beads (density=0.3 g/cm\ glass fibers or 
beads (density=l . 1 1 g/cm^) and barium sulfate (density=4.6 g/cm^). 

Compounding of the Polyolefin/Filler Composition 

Polyolefin/filler compositions usable in this invention may be compounded 
30 in several different ways. The components may be brought into intimate contact 
by, for example, dry blending these materials and then passing the overall : 
composition through a compounding extruder. Alternatively, the polyolefin and 



wo 00/69615 



PCT/USOO/13287 



filler components may be fed directly to a mixing device such as a compounding 
extruder, higher shear continuous mixer, two roll mill or an internal mixer such as 
a Banbur>' mixer. Overall, the objective is.to obtain a uniform dispersion of the 
filler in the polymer without agglomeration, and this is readily achieved by 
5 inducing sufficient shear and heat to cause the polyolefm component to melt. 
However, time and temperature of mixing should be controlled as is normally 
done to avoid molecular weight degradation. 

Film Extrusion and/or Embossing 

10 Films contemplated by certain embodiments of the present invention may 

be made utilizing a polyolefm, by processes including, blown, cast, and cast melt 
embossed, preferred is a cast melt embossed film process. In such extrusion 
processes, the films of the present invention can be formed into a single layer film, 
or may be one layer or more of a multi-layer film or film composite. 

15 Alternatively, the polyolefm films described in this disclosure can be fonned or 

o 

utilized in the form of a resin blend where the blend components can function to 
modify WVTR, physical properties, draw-down, sealing, cost, or other functions. 
Both blend components and functions provided thereby will be known to those of 
ordinary skill in the art. Films of the present invention mlay also be included in 

20 laminated structures. As long as a film, multi-layer film, or laminated structure 
includes one or more polyolefin/filler film layers having the WVTR, or draw- 
down, and the like of the film, it will be understood to be contemplated as an 
■ embodiment of the present invention. 

The film forming composition (polyolefin/polyolefin blends and filler or 

25 fillers) may be manufactured into a precursor film by conventional tubular 

extrusion (blown bubble process) or by cast extrusion. Film formation by cast 
extrusion may be more convenient, as the film can be immediately melt embossed 
as described below. 

In the cast extrusion process, the molten resin is extruded from an elongate 

30 die in the form of a web. The web may be pulled over at least one patterned 
embossing roller to chill and solidify the film with an embossed pattern for 
reasons discussed further below. The precursor film is may be produced to a 
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gauge of from about 0.5 to 6 mils, preferably from about 0,75 to about 5 mils, 
more preferably from about 1 to about 4 mils, most preferably from about 1.5 ib 
about 3 mils, which allows for further stretching as described below. However, . 
those of ordinary skill in the art will understand that many factors affect the 
5 response of the precursor film to the ring-rolling process. It is our intent that the 
film or fiim part of a film composite will have breathability, and at least a 
minimum of physical properties to maintain its fiinction, that is the filni after ring- 
rolling (either as part of a composite or by itself) should have the ability to 
perform its function. For instance in the side panel of a diaper, the film might 
10 even have substantial voids, providing excellent breathability, but haying enough 
strength to maintain the physical form of the diaper or other article during its use. 

The extrusion temperatures, die temperatures, and embossing roller (if 
used) temperatures will depend on the composition employed, but generally will 
be in the following ranges for compositions of the present invention prepared by 
15 cast extrusion: 

Melt Temperature (^F) 350-550 
Die Temperature (^'Fj 350-550 
Embossing Roller Temperature (°F) 50-130 

20 Embossing may be used on the surface of polyolefin films to reduce gloss, 

although such will not be the films primary function in a ring-rolling process. . 
Embossing can be imposed on the precursor film surface at the time of the film 
fabrication for cast extrusion, or at a subsequent time for cast or tubular exmjsion 
by procedures well known in the art. 

25 For the present invention, embossing may impose a pattern of different 

film thicknesses within the precursor film, and can be conducted with an 
micro/macro pattern, e.g. cross-hatching, dots, lines, circles, diamonds, hexagons, 
eic. The pattern can be either in line and/or offline and the rollers can be engraved 
with either pin up and/or pin down type configurations. 



30 
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Use of the Precursor Film 

Traditionally, breathable film has been made using such film precursors as 
described above, and then orienting the film by a variety of techniques, such as 
tentering in one or both of the machine direction (MD) or cross or transverse 

5 direction (TD). The oriented and breathable film could then be used for a variety 
of end use articles, such as diapers (usually back sheets, but also top sheets), 
feminine hygiene items, bandages, catamenial pads, panty liners, incontinent 
briefs, and the like. However, use of certain embodiments of the present invention 
will include the precursor film either by itself or a film composite in an 

10 interdigitating grooved roller process. By film composite, we intend that one or 
more additional layers or materials are added or laminated to the film. Such 
additional materials and layers include synthetic woven, synthetic non-woven, 
synthetic knit, non-woven, apertured film, macroscopically expanded three- 
dimensional formed film, filled compositions or laminates and/or a combination 

15 of these items. The non-wovens may be made by processes including, but not 
limited to spunlace, spunbond, meltblown, carded and or air-through or calendar 
bonded. The materials or layers of the composite can be combined by many 
method known to those of ordinary skill. For instance, adhesives (including spray 
adhesives, hot melt adhesives, latex based adhesives and the like), thermal 

20 bonding, ultra-sonic bonding, extrusion lamination, needle punching, and the like. 
For instance, in the manufacture of infant diapers, toddler training pants, adult 
incontinence devices, feminine hygiene items, medical gowns, medical drapes, 
and house wrap, parts or all of the final product may be assembled (by for instance 
heat or adhesive lamination) then the partial or finished construction is passed 

25 through one or more pairs of interdigitating grooved rollers to render the precursor 
film high in WVTR. 

Stretching 

High WVTR film, film composites or fabricated articles made therefrom 
30 may achieved by stretching the precursor film to form interconnected voids prior 
to ring-rolling. Stretching or "orientation" of the film may be carried out 
monoaxially in the machine direction (MD) or the transverse direction (TD) or in 



20 



both directions (biaxially) either simultaneously or sequentially using 
conventional equipment and processes following cooling of the precursor film. 

Blown films are preferably stretched in the machine direction or in both 
directions whereas cast films are preferably stretched in the transverse direction. 
For orientation in the MD, the precursor film is passed around two rollers driven 
at difTerent surface speeds and finally to a take up roller. The second driven roller 
which is closest to the take up roller is driven faster than the first driven roller. As 
a consequence the film is stretched between the driven rollers. 

Stretching of melt embossed precursor films either using both a tentering 
device and a directly in a ring-rolling device or just the ring-rolling device 
produces breathable films having the desired water vapor permeability: The 
resulting films had greater permeability in the areas of reduced thickness in 
comparison to the areas of greater thickness. 

Preferably, the film is stretched through a pair or pairs of interdigitating 
rollers. In this embodiment machine direction orientation is accomplished by 
stretching the film through a gear like pair of rollers. Transverse direction 
orientation is accomplished by stretching the film through a pairjof disk like 
rollers. The preferred embodiment employs rollers with a tooth pitch, W=0.080", 
however a pitch of 0.040" to 0.500'*is acceptable. The tooth depth (d), is 
preferably 0.100", however a depth of 0.030"to 0.500" is acceptable (see Fig. 4). 
For the transverse direction orientation rollers, the depth may be up to 1" as 
mechanical interference is less of an issue with the TD rollers. The preferred 
embodiment employs interdigitating grooved rollers that can be temperature 
controlled from 50°F to 210^F, more preferred is a range of from TO^'F-IW'*?, 
more preferred is SS^'F-ISO^F, most preferred is 95*'F-159'*F. Roller teinperature 
may be maintained through internal liquid, electrical systems, an external source 
of cooling/heating, combinations thereof, and other methods which will be . 
apparent to those of ordinary skill in the art. The preferred embodiment is internal 
liquid cooled/heated rollers. 

The depth of engagement of the roller teeth determines the amount of 
orientation imparted on the film. A balance must be drawn between the. depth of 
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engagement and the level of filler in the film, as many properties are afTecled as 
depicted in Table 3 below. 

TABLES 

5 Relationships Between Process Factors 

and Resulting Film Properties 



Increasing 
Process Factor 


WVTR 


Dan 
Impact 


Basis 
Weight 


CD 

Tensile 


MD 
Tear 


CaC03 


Increase 


Decrease 






Decrease 


MD 

Orientation 


Increase 


Decrease 


Decrease 




Decrease 


TD Orientation 


Increase 


Decrease 


Decrease 


Decrease 




Roll 

Temperature 


Increase 




Decrease 







Although not thoroughly investigated, controlling of the strain on the film 
10 during stretching is believed to be important to controlling the WVTR. For 

stretching in the transverse direction, strain is controlled for a given stretch ratio 
by adjusting the film speed and the stretching distance. The stretching distance is 
measured, between the point where the film starts to increase in width to the 
closest point where the film is fully stretched. For stretching in the machine 
15 direction, strain is controlled for a given stretch ratio by controlling film speed and 
the gap between the first and second driven rollers. 

A range of stretching ratios from 1 :2 to 1 :5 prove satisfactory for MD 
stretching with a ratio of 1:4 being preferred. A range of stretching ratios of 1 :2 to 
1 :5 prove satisfactory for TD stretching with a ratio of 1 :4 being preferred, 
20 It is a further object of this invention to provide such a process for 

producing a barrier layer having high liquid strikethrough resistance.. . 

The process of ring-rolling also may activate the elasticity of the web 
(dependent upon specific ring-rolling pattern used), in addition to imparting 
breathability to the web. 
25 Precursor webs containing elastomeric components add to the elasticity 

. developed during the ring-rolling process. 
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Ring-Rolling Process 

To illustrate the process, the term web or webs are used. As used herein, 
the term web will include a precursor film and optionally one or more additional 
5 webs or layers, as discussed above, for instance one or more non-woven webs 
and/or one or more film webs. Such web components can be pre-assembled or 
laminated. Prior to ring-rolling, at least one additional web may be added. Web 
10 and alternatively optional web 1 1 may be webs of a precursor film with either 
another film or fabric (1 1 ) the precursor film will have a thickness from 0.5 to 6 

10 mils. For example, the optional web 11 may be melt-blown webs of the type 

taught in the article entitled "Superfine Thenmpplastic Fibers" by Van A. Wente. 
appearing in Industrial Engineering Chemistry, August, 1956, Vol . 48, No. 8 
(pages 1342-1346). While melt-blowi material may be nylon, polyester, or any 
polymer or polymer blend capable of being melt-blown, a melt-blown 

15 polypropylene web is preferred. A melt-blown web could comprise two or more 
zones of different melt-blown polymers. Melt-blown webs having a basis weight 
of up to about 30 g/m^ or greater can be used in the present invention, but lower 
weight webs are generally preferred in order to minimize the cost of the barrier 
layer produced therefrom. Technology provides for the production of melt-blown 

20 webs with a minimum basis weight of about 3 g/m^, but available commercial 

melt-blown webs generally have a basis weight of 10 g/m^ or more. The preferred 
. basis weight for optional web 1 1 is from about 10 g/m^ to about 30 g/m^; most 
preferably from about 10 g/m^ to about 20 g/m^. The density of melt-blown 
optional web 1 1 is preferably up to about 0.15 g/cm^ and most preferably up to 

25 about 0.1 g/cm^. Web 10 and optional web 1 1 may be the same or different. 

Web 10 and (when present) optional web 1 1 have preferably been rolled 
up together as plies with adjacent surfaces on feed roller 20, They are .unrolled 
from feed roller 20 retaining their contiguous relationship and passed into the nip 
of interdigitating grooved rollers 24 and 25. Grooved rollers 24 and 25 have 

30 grooves perpendicular to the axis of the rollers (parallel to the machine direction) 
as shown in Fig. 2 which is a sectional view of grooved rollers 24. and 25 taken 
along line 2-2 of Fig. 1 . 
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It has been found that the web 10 and optional web 11 will be stretched 
more uniformly with less tendency to tear the webs when interdigitating grooved 
rollers 24 and 25 are heated. The rollers are preferably heated such that their 
surface temperature are within the range of about leO^'F to 220''F; more preferably 
5 within the range of 180^F to 200T. 

Fig. 1 shows a preferred arrangement of interdigitating grooved rollers 24 
and 25 being located with their centers in a horizontal plane and webs 10 and 11 
contacting the surface of roll 24 for about one-fourth of a revolution before . 
entering the nip between rollers 24 and 25; this provides an opportunity for the 
10 web or webs 10 and optional web 11 to be heated prior to entering the nip. 

However, interdigitating grooved rollers 24 and 25 could be positioned with their 
centers in a vertical plan or at any other angle and web 10 and optional web 1 1 
could be fed directly into the nip of the rollers. Preheating of webs 10 and 1 1 if 
found to be necessary in order to avoid tearing of the webs, could be 
15 accomplished in any conventional manner. Fig. 4 illustrates how the web 10 is 
stretched between the interdigitating grooved rollers 24 and 25. 

The webs where two or more webs are fed is stretched and enmeshed 
while passing between the interdigitating grooved rollers 24 and 25 and are thus 
lightly bonded together producing fmal product 12. Where final improved WVTR 
20 composite film 1 2 has been stretched in the cross-machine direction by the 

grooved rollers 24 and 25 of Figs. 1 and 2, a device such as a curved Mount Hope 
roll 26 or tenter clamps is needed to extend the now high WVTR film or film 
composite to its fiillest width. The extended and smoothed film 12 is then rolled 
up on a takeup roller 27, 
25 The amount of lateral stretch imparted to web plies by the grooved rollers 

24 and 25 will depend on the shape and depth of the grooves of the roUers, and on 
the gap spacing between the rollers. 

U.S. Patent No. 4,223,059, issued to Eckhard C. A. Schwarz on Sept. 16, 
1980 discloses interdigitating rollers having grooves of generally sine-wave shape 
30 cross-section which may be used for the present invention. U.S. Patent No. 

4,153,664 issued to Rinehardt N. Sabee on May 8, 1979, discloses the stretching 
of polymeric webs by ring-rolling with rollers having grooves with a variety of 
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shapes. The shape of the grooves of the rollers will generally determine whether 
the web is stretched uniformly oi- at incremental, spaced portions of the web. . 
Incremental stretching of the web is more likely to cause some local tearing of 
film or film composites which would damage the liquid strikethrough resistance 
5 of the film and, therefore, is not preferred for the present invention. 

A preferred groove pattern for interdigitating rollers 24 and 25 is shown in . 
Fig. 3 which is an enlarged view of area 3 of Fig. 2. Fig. 3 shows a partial 
cutaway view of interdigitating rollers 24 and 25. Teeth 54 and 55 of grooved 
roller 24 intermesh with teeth 51, 52 and 53 of grooved roller 25. The length 60 

10 of the teeth is 3.81 mm, and the distance 61 between the centerlines of adjacent 
teeth on each roller is 2.54 mm. The teeth have generally straight sides which are 
at an angle 62 from a plane perpendicular to the axis of rollers 24 and 25 of 9' 17". 
The land at the base of the teeth has a radius 63 of 0.5 1 mm. Sharp comers 66 at 
the ends of the teeth are removed. 

15 It is preferred that the interdigitating grooves of rollers 24 and 25 be 

perpendicular to the axis of the rollers. In this way, the maximum number of 
grooves of a given size will engage the web 10 and 1 1 at the same time and 
impact stretch to the webs. By having the maximum number of teeth engage the 
web at a given time, a more uniform stretching of the webs is achieved so that 

20 local tearing of the film or film composite is minimized. The stretched film 12 
can be easily smoothed in the cross-machine direction. 

A reproducible gap setting between grooved rollers 24 and 25 can be 
achieved by having the bearing of one of the grooved rollers, e.g. 24, stationary 
while those of the other grooved roller 25 can be moved in the horizontal 

25 direction. Grooved roller 25 is moved in the horizontal direction. Grooved roller 
25 is moved toward roll 24 until its teeth are intermeshed with those of grooved 
roller 25 and it will move no further. The bearings of grooved roller 25 are then 
moved away from grooved roller 24 a measured distance, the gap setting. The 
preferred gap setting for practicing the present invention are from aboiit 0.76 mnfi. 

30 to about 1.65 mm. With grooved rollers 24 and 25 having a tooth configuration as 
shown in Fig. 3 and described above, the maximum width of film or film 
composite layer 12 which can be achieved for a single pass is about 2V^ to 3 times 
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the width of starting webs 1 0 and 1 1 . By incising the gap between grooved rollers 

24 and 25, the amount of lateral stretch imparted to webs 10 and 1 1 is decreased. 
Therefore, the width of film or film composite 12 compared to the width of 
starting web can be varied for a single pass between grooved rollers 24 and 25 

5 from a maximum increase of 2V^ to 3 times to no increase by the appropriate gap 
setting. 

If it is desired to stretch the web more than can be achieved by a single 
pass between the grooved rollers, multiple passes between grooved rollers 24 and 

25 can be used. 

10 Basis weight is generally an important property desired to be controlled for 

film or film composite layer (total ring-rolled web) 12. For cost reasons, the 
lightest film or film composite that will provide sufficient breathability is desired. 
A basis weight of the film produced by itself will be generally above 20 g/cm^. 
The desired basis weight can be obtained by controlling the amount of stretch 

15 imparted to web 10 and optional web 1 1 by grooved rollers 24 and 25 as described 
above, and by the selection of the basis weights of the staning webs 10 and 11. 
For the present invention, starting webs 10 and 1 1 have a cumulative basis weight 
in the range of about 1 .1 to 4 times the ultimate desired basis weight, preferably in 
the range of about 1 .5 to 3 times the desired basis weight, most preferably about 2 

20 times the desired basis weight. Correspondingly, the desired width of breathable 
' film or film composite 12 can be achieved by selecting a proper combination of 
stretch imparted by the grooved rollers 24 and 25 and initial width of starting 
webs 1 0 and 1 1 . For the present invention, the initial width of staning webs 10 
and 1 1 before passing between grooved rollers 24 and 25 is within the range of 

25 about 0.9 to about 0.25 times the desired width, preferably within the range of 

about 0.7 to about 0.3 times the desired width, most preferably about 0.5 times the 
desired width. 



Properties of films produced 
30 WVTR 

In an embodiment of the present invention, certain films and articles made 
therefrom have higher WVTR than previously thought possible. The WVTR of 
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such films are greater than 1 00 g/ni^/24 hr @ 37.8°C. 1 00% RH, preferably 
greater than 1000, and more preferably greater than 2000 g/mV24 hr @ 37.8^C, 
1 00% RH. Some applications benefit from film with a WVTR at or greater than 
. 10,000 g/mV24 hr @ 37.8°C, 100% RH. . 

5 ■ 

Test Procedures 

The test procedures used.to detemiine the unique properties of the layers 
of the present invention and to provide the test results in the examples below are 
as follows: 

10 

Water Vapor Transmission Rate (WVTR) 

Both a Mocon Wl, and a Mocon W600 instrument are used to measure 

water evaporated from a sealed wet cell at 37.8T through the test film and into a 

stream of dry air or nitrogen. It is assumed that the relativehumidity on the wet 
15 side of the film is approximately 1 00%, and the dry side is approximately 0%. 

The amount of water vapor in the air stream is precisely measured by a pulse 

modulated infra red (PMIR) cell. Following appropriate purging of residual air; 

and after reaching a steady state water vapor transmission rate, a reading is taken. 

WVTR of the test films are reported as grams of water/meter^day. The output of 
20 the unit is calibrated to the results obtained with a film of known WVTR. The 

testing protocols are based on ASTM F1249-90. 

Mocon Wl 

25 The Mocon Wl has a single test cell and an analog chart recorder. Air is 

pumped through a desiccant dryer, then through the test cell, and then past the 
PMIR sensor. A 5 minute purge of residual air is followed by a 6 minute test 
cycle with controlled air flow. The result is a steady state value for WVTR. The 
purge and test cycles are controlled manually. The unit is calibrated to a film with 

30 a known WVTR every 12 hours. Calibration results are control charted and 
adjustments are made to the instrument calibration accordingly. 
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Mocon W600 

The Mocon W600 has 6 measurement cells with PMCR data fed into a 
computer. Nitrogen is fed through a desiccant dryer, then through the active test 
cell, then past the PMIR sensor. In addition to data compilation, the computer 
5 controls test cycle sequencing. All cells are purged simultaneously for an 8 

minute period. This is followed by an 8 minute test cycle for each of the six cells. 
Total testing time is 56 minutes. Two of the test cells always measure reference 
films with a known WVTR, 

10 Gurley Porosity 

Teleyn Gurley Model 4 1 90 Porosity Tester with sensitivity attachment is 
used. The procedure is as follows: 

a) Cut a strip of film (-2" wide) across the entire web width, 

b) Insert a film sample to be tested between orifice plates, 

c) Set the sensitivity adjustment on "5", 

d) Turn the inner cylinder so that the timer eye is vertically centered 
below the 10 cm^ silver step oil the cylinder, 

e) Reset the timer to zero, 

f) Pull the spring clear of the top flange and releasing the cylinder, 
When the timer stops counting, the test is completed! The number 
of counts is multiplied by 10 and the resulting number is *'Gurley 
seconds per 100 cm^". 

It will be appreciated by those of ordinary skill in the art that the films of 
m-polyethylene resins of certain embodiments of the present invention, can be 
combined with other materials, dependiiig on the intended function , of the 
resulting film. 

Other methods of improving and/or controlling WVTR properties of the 
film or container may be used in addition to the methods described herein without 
departing from the intended scope of the invention. For example, nnechanical 
treatment such as micro pores. 



20 



25 
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Liquid Column Strikethrough Resistance Test 

The liquid strikethrough resistance test is a method for determining the 
water pressure in millimeters of water at which water penetrates a repellent barrier 
layer at a specified fill rate and with the water and banrier layer at a specified 
5 temperature. Such a test is described in INDA Journal^ Vol. 5, No. 2, Karen K. 

Leonas; the strikethrough resistance of embodiments of the invention are from 50 
-500 cm. 

The following non-limiting examples are provided for illustrative purposes 

10 only. 

EXAMPLES 

Examples 1-12 

LLDPE/CaCOa films are made utilizing the following conditions, 
15 materials and equipment shown in Table 4. 

Examples 1-12 used LL-3003.09 (a 3 Ml, 0.917 g/cm^ polyethylene {ZAi) 
available from Exxon Chemical Co., Houston, TX.) containing levels of CaCOa as 
shown in Table 4, blended with 100 parts of LL-3003. 

20 Examples 13-16 

. Example 13-16 were made under the conditions shown in Table 4, 

Examples 1-12, but with Exceed® ECD-1 12 (a 3.4 MI, 0.91 7 g/cm^ density m- 

LLDPE from Exxon Chemical Co., Houston, TX) with filler, master batch (MB) 

and elastomer levels as shown in Table 5. 
25 . Examples 1 -4, 9, 10, 11, 12, 13, 14 and 15 were run on a Davis Standard 

cast line. Examples 9, 10, 1 1, 12, 14, and 15 were oriented in the TD, Example 9, 

10, 1 1, 12, and 15 were further MD drawn. Examples 5, 6, 7, 8. and 16 were run 

on a blown film extruder. 

Each film sample was run through various ring-rolling apparatus as shown 
30 in Tables 5, 6 and 7, with the results for basis weight shown in Table 5, the results 

for WVTR in Table 6, the results for air porosity shown in Table 7. 
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Example 17 

A blend of 57% ECC FilmLink 400 CaCOs was combined with 33% 
Exxon PD 7623 Impact Copolymer, 2% Exxon LD-200.48, and 8% Exxon Exact 
3131 oriented in interdigitating rollers of 0.080" pitch. The MD depth of 
5 engagement was 0.020", and the TD depth of engagement was 0.040". The 
temperature of the interdigitating grooved rollers was 140**F. 

Example 18 

A blend of 57% ECC FilmLink 400 CaCOp was combined with 33% 
10 Exxon PD 7623 Impact Copolymer, 2% Exxon LD-200.48, and 8% Exxon Exact 
3131 oriented in interdigitating rollers of 0.080" pitch. The MD depth of 
engagement was 0.020", and the TD depth of engagement was 0.040". The 
temperature of the interdigitating grooved rollers was 1 lO^F. 

15 Example 19 

A blend of 57% ECC FilmLink 400 CaCOa was combined with 33% 
Exxon PD 7623 Impact Copolymer, 2% Exxon LD-200.48, and 8% Exxon Exact 
3131 oriented in interdigitating rollers of 0.080" pitch. The MD depth of 
engagement was 0.020", and the TD depth of engagement was 0.040". The 

20 temperature of the interdigitating grooved rollers was 70°F. 

As can be seen from Table 8, the WVTR rise from a roller temperature of 
70T (considered ambient temperature) to I10**F then 140T is dramatic, 
unexpected and surprising. It would be expected that heating the film would 
soften it and the polymer would not tear away from the filler as easily. Such a 

25 result would likely cause fewer or smaller pores, and thereby reduced WVTR. 

Accordingly, the significant increase in WVTR produced by using heated rollers 
is both surprising and unexpected. 
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TABLE 8 





Example 17 


Example 18 


Example 19 


Roller Temperature (°F) 


140 . 


110 


70 


Basis Weight (g/mO 


43 


40 


39 


WVTR (g/mVday) 


4100 


3000 


1900 


Dart Impact (g) 


240 


300 


300 


MD Ultimate (g/in) 


1585 


1532 


1453 


MD Elongation (%) 


408 


431 


442 


TD @ 5% (g/in) 


457 


389 


388 


TD Ultimate (g/in) 


785 


1166 


1049 


TD Elongation (%) 


351 


358 


357 


MDElmendorfTear(g) 


166 


208 


205 



A linear regression analysis reveals that with the above fixed formulation, 
depth of activation water vapor transmission rate is predicted by the following 
5 equation: 

WVTR = -329.73 + 3 1.2162 * Roller Temperature (T) 

Example 20 

10 A blend of 52% ECC FilmLink 400 CaCOa was combined with 48% 

Exxon PD 7623 Impact Copolymer Polypropylene. Film was oriented offline 
with interdigitating rolls of 0. 1 00" pitch. The MD depth of engagement was 
0.030" and the TD depth of engagement was 0.019". 

15 Example 21 

A blend of 52% ECC FilmLink 400 CaCOa was combined with 40% 
Exxon PD 7623 Impact Copolymer, 2% Exxon LD-202.48, and 6% Exxon 
SLX9101 . Film was oriented in interdigitating rolls ofO.080" pitch. The MD 
depth of engagement was 0.028", and the TD depth of engagement was 0.034". 

20 

Example 22 

A blend of 55% ECC FilmLink 400 CaCOa was combined with 31% 
Exxon PD 7623 Impact Copolymer, 4% Exxon LD-202.48, 2% Ampacet 110131 
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Ti02 concentrate, and 8% Exxon Exact 3131. Film was oriented in interdigitating 
rolls of 0.080" pitch. The MD depth of engagement was 0.021", and the TD depth 
of engagement was 0.037". 

Table 9 diemonstrates the high absolute values of tear and impact strength 
5 . relative to known polypropylene breathable films. Also shown is the further 
property improvement made by the addition of minority amounts of other 
polyolefins. 

TABLE 9 

10 Film Properties 





Example 20 


Example 21 


Example 22 


Basis Weight (g/mO 


41.0 


40.6 


40.3 


WVTR (g/mVday) 


1457 


1462 


1400 


Dart Impact (g) 


210 


315 


315 


MD Ultimate (g/cm) 


625 


609 


604 


MD Elongation (%) 


423 


482 


448 


TD@5%(g/cfn) 


231 


151 


140 


TD Ultimate (g/cm) 


367 


501 


440 


TD Elongation (%) 


410 


464 


398 


Light Transmission (%) 


45 


43 


39 


MD Elmendorf Tear (g) 


79 


195 


198 



While the present invention has been described and illustrated by reference 
to particular embodiments thereof, it will be appreciated by those of ordinary skill 
in the art that the invention lends itself to variations not necessarily illustrated 
15 herein. For example, it is not beyond the scope of this invention to include - 
additives with the claimed improved, high WVTR film process. For this reason, 
then, reference should be made to the appended claims and the remainder of the 
specification for purposes of determining the true scope of the present invention. 
We claiin: 
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Claims 

1 . A process for producing a film having a WVTR greater than 200 g/mVday at 
SS'^C and 90% relative humidity comprising a polyolefin and a filler, said 

5 process comprising: 

a) extruding a precursor film from said polyolefin blend comprising said 
first and said second polymer compositions and said filler, said filler 
concentration being in a range of from about 1 6.5 to about 71.5 wt.%; 
and 

10 b) passing said precursor film between at least one pair of interdigitating 

grooved rollers, said rollers being maintained in a temperature range of 
from about 9 TF to about 1 59T, so that said film is heated to produce 
said film having a WVTR greater than 200 g/m Vday at 38 °C and 90% 
relative humidity. 

15 

2. The process of claim 1 wherein said polyolefin is selected from the group 
consisting of polypropylene, polyethylene, ethylene polar comohomer 
polymers, ethylene a-olefm copolymers and combinations thereof 

20 3. The process of claim 1 further comprising cooling said precursor film to a 
temperature of at least 75**F or less after step a) but prior to step b). 

4. The process of claim 1 wherein said rollers are maintained in a temperature 
range of from about 95**? to about 159°F. 

25 . 

5. A process for producing a film having a WVTR of at least 200 g/mVday at 
38®C and 90% relative humidity comprising a polyolefin blend, said 
polyolefin blend having at least a first and a second polymer composition, and 
a filler, said process comprising: 

30 a) extruding a precursor film from said polyolefin blend comprising said 

first and said second polymer compositions and said filler, said filler 
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concentration being in a range of from about 1 6.5 to about 71.5 wt.%, 
wherein, 

i) said first polymer composition is a polypropylene and 

ii) said second polymer composition is selected from the group 

5 consisting of elastomers, plastomers. styrenic block copolymers, 

ethylene-maleic anhydride copolymers, ethylene ethyl acetate, and 
combinations thereof; and 
b) passing said precursor film between at least one pair of interdigitating 
. grooved rollers so that said film has at least 
10 . i) a WVTR in a range of from about 200 g/m Vday to about 1 0,000 

g/mVday at 3 8°C and 90% relative humidity, 
. ii) a dart drop impact in a range of from about 1 00 grams to about 300 
grams, and 

iii) an elongation selected from the group consisting of machine 

15 direction, transverse direction and combinations thereof in a range of 

from about 1 $0% to about 550%. 

6. The process of claim 5 wherein said polypropylene is selected from the group 
. consisting of random copolymer polypropylene, impact copolymer 

20 polypropylene, polypropylene produced with a metallocene catalyst and 

combinations thereof 

7. The process of claim 5 wherein said elastomer is selected from the group 
consisting of styrene-isoprene-styrene, styrene-butadiene-styrene, styrene- 

25 ethylene-butylene-styrene, ethylene alpha-olefin rubber, ethylene propylene 

diene monomer rubber, butyl rubber, vulcanized natural rubber and 
combinations thereof 

8. The process of claim 5 wherein said plastomer is at least one ethylene a-olefm 
30. copolymer selected from the group consisting of ethylene a-olefin copolymers 

wherein the a-olefin comonomer is selected from the group consisting butene, 
pentene, hexene, and combinations thereof. 
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9. The process of claim 5 wherein a non-woven polymeric material is laminated 
to said precursor film, after step a) but prior to step b), using a lamination 
means selected from the group consisting of adhesive, heat, ultrasonic 
. 5 radiation and combinations thereof. 



10. The process of claim 5 wherein said interdigitating grooved rollers are 
positioned in a direction selected from the group consisting of machine 
direction, transverse direction and combinations thereof. 

10 

1 1 . The process of claim 5 further comprising forming said film of step b) into a 
fabricated article selected from the group consisting of diapers, adult 
incontinence devices, surgical apparel, surgical drapes, sports apparel, 
industrial apparel, house wrap, filtration rnedia and controlled atmosphere 

15 packaging. 




Fig. 4 
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